Objective: Diffuse sclerosing variant papillary thyroid carcinoma (DSVPTC) is an uncommon variant of papillary thyroid carcinoma (PTC). The biological behaviors and prognostic outcomes of this variant, however, are still controversial. The aim of this systematic review and meta-analysis is to investigate the prognostic significance and outcomes of DSVPTCs in comparison with classical PTCs (cPTCs). Methods: An electronic search was performed in five libraries: PubMed, Scopus, ISI, World Health Organization Global Health Library (WHO GHL) and Virtual Health Library (VHL) in June 2016. Published data were extracted and were pooled into odds ratios (OR), mean differences and corresponding 95% confidence intervals (CI) using random-effect model. Publication bias was analyzed using Egger's regression test and funnel plot observation. Results: From 315 articles, we included 16 articles comprising 732 DSVPTCs for meta-analysis. Overall, DSVPTC manifested more aggressive clinicopathological behaviors than cPTC such as higher rate of vascular invasion (OR: 5.33; 95% CI: 3.08-9.23), extrathyroidal extension (OR: 2.96; 95% CI: 2.04-4.30), lymph node metastasis (OR: 5.40; 95% CI: 2.82-10.35), distant metastasis (OR: 3.61; 95% CI: 1.89-6.88) and were more likely to relapse (OR: 2.83; 95% CI: 1.59-5.05). DSVPTC patients were associated with a worsened overall survival (HR: 1.89; 95% CI: 1.36-2.62). Conclusion: DSVPTCs should be considered high-risk PTCs because of high propensity for tumor invasion, metastasis, relapse and mortality. Aggressiveness of DSVPTCs might be related to a different molecular pathway than that in cPTCs.
Introduction
Thyroid cancer is the most common endocrine cancer (1) . Thyroid carcinoma is classified into different subtypes: papillary, follicular, poorly differentiated, undifferentiated and medullary carcinoma (2) . PTC is the most common subtype and comprises more than 85% of thyroid cancer. From a morphological point of view, PTCs are subdivided into various variants with variable clinicopathological characteristics and biological behaviors (2) . Most of the variants of PTC, however, do not show prognostic significance.
Only a few histological subtypes such as tall cell variant or columnar cell variant are considered aggressive variants (3) .
In 1985, Vickery et al. initially described a variant of PTC showing diffuse involvement of thyroid gland (4) . This rare variant was named DSVPTC in the World Health Organization (WHO) classification and was characterized by extensive squamous metaplasia, diffuse fibrosis, calcification, abundant lymphocytic infiltration and psammoma bodies (2) . Because of its rarity, the clinicopathological characteristics and prognostic significance of DSVPTC were not well characterized and have been continuously debated. Several studies reported that DSVPTC was associated with aggressive behaviors and poor prognosis (5, 6, 7, 8) . These findings, however, were not confirmed in other studies (9, 10, 11) .
In this systematic review and meta-analysis, we aimed to investigate the prognostic significance, outcomes and molecular profiles of DSVPTCs in comparison with classical PTCs (cPTCs) and to overcome the limitations of small sample size of prior individual studies.
Methods

Search strategy and study identification
An electronic search in five databases (PubMed, Scopus, ISI Web of Science, WHO GHL and VHL) was performed to identify relevant articles. We used search term: ((diffuse sclerosing) AND (papillary thyroid) AND (carcinoma OR cancer OR tumor OR tumor OR neoplasm)). We included publications published from inception to August 2016. Additionally, we performed a manual search by reviewing the citations within the included publications and reviews. Our study strictly followed the recommendation of Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) statement (Supplementary Table, see section on supplementary data given at the end of this article) (12) .
Selection criteria and abstract screening
We imported search results from all libraries into Endnote (Thompson Reuters) and deleted the duplicates. Two reviewers (H G V and T Q P) independently screened the titles and abstracts using the predetermined selection criteria. We used the following inclusion criteria: articles comparing any of clinicopathological features such as gender, age, tumor size, multifocality, lymphovascular invasion (LVI), extrathyroidal extension (ETE), lymph node metastasis (LNM), distant metastasis at the time of diagnosis (DM), recurrence/persistence (R/P) and survival outcomes of DSVPTCs and cPTCs. The exclusion criteria were (i) data sets considered as overlapping, (ii) review, (iii) case report or case series with no group of cPTCs for comparison, (iv) studies including cPTCs and other variants of PTC into comparing group and (v) conference, proceeding paper, poster, thesis, book. Discrepancies between two reviewers were solved by discussion moderated by a supervisor.
Full-text screening and data extraction
Two reviewers (H G V and T Q P) screened full-text of potential articles and extracted data into a predefined data extraction form. Disagreements were solved by discussion by reviewers or supervisor if necessary. Following details of DSVPTC and cPTC group were extracted: institution, city, country, year of publication, time of operation, study design, age, gender, tumor size, multifocality, LVI, ETE, LNM, DM, R/P and overall survival (OS).
Data analysis
The Review Manager 5.3 software (Cochrane Collaborative, Oxford, UK) was used for statistical analysis. We estimated mean and standard deviation (s.d.) value as described previously (13) . Pooled estimates of odds ratios (ORs), mean differences (MDs) and corresponding 95% confidence intervals (CIs) were calculated using randomeffect model because this model takes into account withinstudy heterogeneity and yield the identical results as the fixed-effect model in the absence of heterogeneity (14) . Matched factors between DSVPTC and cPTC groups, if present, were excluded from the analyses. Because survival rates at specific time points are known to be incompatible for meta-analyses of time-to-event data, pooled hazard ratio (HR) for OS was calculated using the random-model effect weighted by inverse variance method. HR and its 95% CI were directly collected from the original articles or indirectly estimated from Kaplan-Meier curve using the methods by Tierney et al. (15) (18) . A P value ≤0.05 was considered statistically significant publication bias.
Risk of bias assessment
We assessed the methodologic quality of included studies based on the Newcastle-Ottawa Scale (NOS) for quality of cohort and case-control in our meta-analyses (19) . Stars were awarded for each cohort and case-control study (maximum 9 stars) based on a developed checklist (19) . In the second domain of outcome category for cohort studies, we awarded one star if the study had a mean or median value of follow-up period longer than five years, which was considered long enough for tumor recurrence and mortality to occur. In the last domain of outcome category for cohort studies, studies with the follow-up rate ≥80% or description of those lost suggesting no difference from those followed were awarded one star. Studies awarded at least six stars were considered moderate-to-high quality studies and those with a NOS value of less than six were regarded low-quality studies.
Results
We identified 315 articles after searching five libraries, merging all references into an Endnote file and deleting duplicates. After screening abstracts, only 34 articles met our criteria and all corresponding full-texts of these articles were downloaded. We excluded 18 articles after carefully reading full-texts. Finally, 16 studies with total 732 patients with DSVPTC were included for final analysis ( Fig. 1) Fig. 1B ). Amount of heterogeneity across studies was high (I 2 = 94%; P-heterogeneity <0.0001).
Tumor size
We found available data of mean and s. 1C ). Among-studies heterogeneity was high (I 2 = 86%; P-heterogeneity <0.0001).
Multifocality
Seven studies, including 590 DSVPTCs and 62 479 cPTCs were analyzed for the difference in multifocality. The rate of multifocality was higher in DSVPTC group (35.8%) compared to 26.0% in cPTC group. This difference, however, was not statistically significant (OR: 1.58; 95% CI: 0.93-2.69) ( Supplementary Fig. 1D ). A high amount of heterogeneity across studies was found (I 2 = 84%; P-heterogeneity <0.0001).
Lymphovascular invasion (LVI)
Five studies, including 158 DSVPTCs and 1057 cPTCs, were analyzed for the difference in LVI rate. The overall rate of LVI in DSVPTCs and cPTCs were 38.6% and 35.2% respectively. DSVPTCs exhibited a significantly higher propensity for LVI than cPTCs (OR: 5.33; 95% CI: 3.08-9.23) ( Supplementary Fig. 1E ). Between-study heterogeneity did not exist (I 2 = 0%; P-heterogeneity = 0.82).
Figure 1
Flow chart of the study selection process. Fig. 1F) . A moderate amount of heterogeneity across studies was found (I 2 = 60%; P-heterogeneity = 0.005).
Lymph node metastasis (LNM)
In total, 491 patients with DSVPTC and 40 535 patients with cPTC from 13 studies were analyzed. In DSVPTC group, 80.3% of patients manifested LNM in comparison with 48.9% in cPTC group. DSVPTCs were associated with significantly higher rate for LNM than cPTCs (OR: 5.40; 95% CI: 2.82-10.35) (Supplementary Fig. 1G ). A high degree of heterogeneity across studies was found (I 2 = 77%;
P-heterogeneity <0.0001).
Distant metastasis at the time of diagnosis (DM)
Six studies, comprising 174 DSVPTCs and 2338 cPTCs, were included for meta-analysis. DM was found in 11.6% of DSVPTCs and in 4.2% of cPTCs. The difference in the rate of DM between DSVPTCs and cPTCs is statistically significant (OR: 3.61; 95% CI: 1.89-6.88) ( Supplementary  Fig. 1H ). No heterogeneity between studies was identified (I 2 = 0%; P-heterogeneity = 0.92). Lung is the most frequent site for DM in both groups.
Recurrence/persistence of tumor (R/P)
Ten studies, including 314 DSVPTCs and 2406 cPTCs, were included for meta-analysis. R/P was detected in 22.0% and 10.7% of DSVPTCs and cPTCs respectively. DSVPTCs were more likely to relapse than cPTCs (OR: 2.83; 95% CI: 1.59-5.05) (Supplementary Fig. 1I ). A moderate amount of heterogeneity across studies was found (I 2 = 50%; P-heterogeneity = 0.04).
Overall survival (OS)
In 16 included studies, we found relevant data of HR for OS or sufficient data to estimate HR for OS in only two studies (7, 11) . We also sent emails to all corresponding authors of the included studies to ask for unreported HR and its 95% CI for effects of DSVPTC on DSS and OS, but we received no responses. We used random-effect model weighted by inverse variance method to pool HR for OS, and the pooled result demonstrated that DSVPTC patients were associated with an increased risk of mortality compared with cPTC patients (HR: 1.89; 95% CI: 1.36-2.62) ( Supplementary  Fig. 1J ). No among-study heterogeneity was found (I 2 = 0%).
Quality assessment and risk of bias analysis
Thirteen studies were retrospective cohort studies and three were case-control studies. The number of stars awarded to each of the included studies ranged from four to seven stars. Details of given stars within domain (6) Retrospective cohort 3 0 3 Albareda et al. (9) Retrospective cohort 3 1 3 Balachandar et al. (20) Retrospective cohort 3 0 3 Falvo et al. (7) Case-control 3 1 3 Fridman et al. (21) Retrospective cohort 3 0 2 Kazaure et al. (11) Retrospective cohort 3 0 3 Khan et al. (22) Retrospective cohort 3 0 1 Kim et al. (23) Case-control 3 2 2 Koo et al. (28) Retrospective cohort 3 0 3 Lam et al. (24) Retrospective cohort 3 0 3 Lim et al. (25) Retrospective cohort 3 0 1 Moreno Egea et al. (10) Retrospective cohort 3 0 3 Nikiforov et al. (26) Retrospective cohort 3 0 2 Regalbuto et al. (8) Retrospective cohort 3 0 2 Soares et al. (27) Retrospective cohort 3 0 3
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Heterogeneity assessment and sensitivity analysis
We used I 2 statistic to evaluate the heterogeneity across studies. In our study, heterogeneity ranged from 0% to 94%. In the presence of heterogeneity, we performed sensitivity analysis by removing each of the included studies to find which studies influenced the degree of heterogeneity. All significant meta-analysis results following the leave-one-out method remained unaffected, indicating a good stability of the metaanalysis (data not shown).
Publication bias
To investigate the presence of publication bias, funnel plot of effects calculated from individual studies were performed. Funnel plots showed no strong indication of publication bias among the set of studies included in the meta-analysis. Tests of asymmetry of all estimates did not suggest any evidence of publication bias. Funnel plots and corresponding results of Egger's regression test of all estimates are presented in Supplementary Figs 2, 3, 4 , 5, 6, 7, 8, 9 and 10.
Differences in genetic backgrounds between DSVPTC and cPTC
Because the genetic alterations between DSVPTC and cPTC were compared in only very few studies, we did not include them for meta-analysis. We found comparable data of BRAF mutations in DSVPTC and cPTC in four studies (25, 29, 30, 31) . Data for RET/PTC in DSVPTCs were separately described in two studies in Korea and Germany (32, 33) . For comparison, we selected two Korean and German studies containing prevalence of RET/PTC rearrangements in cPTCs (34, 35) . Prevalence of anaplastic lymphoma kinase (ALK) rearrangements in DSVPTCs and cPTCs was only reported in an Australian and Korean study (31, 36) . We summarize the differences in genetic backgrounds between these two PTC variants in Table 3 .
Discussion
According to the 2015 American Thyroid Association (ATA) management guidelines for differentiated thyroid carcinoma, the prognostic implication of DSVPTC remains conflicting, and this variant is not considered an aggressive variant of PTC with unfavorable outcomes like tall cell, columnar cell or hobnail variants (37) . The clinicopathological features and prognostic outcomes of DSVPTCs have been summarized previously (38, 39) . The study by Pillai et al. (38) is only a systematic review, which lacks rigorous and reproducible metaanalyses. In a meta-analysis of DSVPTC published in July 2016, Malandrino et al. (39) searched in PubMed and found only ten studies for meta-analyses. The authors, however, included studies in which follicular variant or encapsulated variant were also included in the control group (40, 41) . The latter entity has recently been reclassified as a benign lesion (42) . In addition, two large cohort studies by Kazaure et al. (11) and Kuo et al. (43) both selected patients from the Surveillance, Epidemiology and End Results (SEER) database and can result in duplicating data and bias the meta-analysis results. In our current study, we searched five large electronic databases (PubMed, ISI, Scopus, WHO GHL and VHL) and finally included 16 studies for meta-analyses, which enhance the statistical power of our analyses. Additionally, to strengthen the integrity of our analyses, we only selected studies that included cPTCs only as control group and the definition for DSVPTC was clearly described in most of the included studies. Finally, the genetic backgrounds of DSVPTC and cPTC were carefully investigated in our study to better highlight and confirm the different nature of these two variants. (37) . Total thyroidectomy in conjunction with prophylactic central with/without lateral neck dissection followed by radioiodine ablation could be treatment of choice in management strategies for DSVPTCs because of the high propensity for vascular invasion, extrathyroidal extension, lymph node metastasis and distant metastasis. Hence, correct preoperative diagnosis is very important. Ultrasonography is a useful tool for suggesting DSVPTC due to extensive calcification and psammoma bodies in DSVPTCs and can help prompt fine needle aspiration (FNA), especially in young patients (44, 45, 46) . FNA showing numerous psammoma bodies, lymphoplasmacytic background and an absence or lack of characteristic nuclear features of PTC could suggest a diagnosis of DSVPTC (47) . On histopathological examination, DSVPTC shows marked squamous metaplasia, numerous psammoma bodies, extensive interstitial fibrosis and heavy lymphocytic infiltration (38) .
The AJCC staging data of DSVPTCs and cPTCs were very limited and not included for meta-analysis. DSVPTCs were found to be associated with more advanced AJCC stage than cPTCs (7). Our study also showed that patients with DSVPTC are more likely to relapse than patients with cPTC and suggests a precise and long-term follow-up schedule for these patients. In several studies, the survival rate of DSVPTCs was high and not statistically different from cPTCs (5, 8, 9, 11) . DSVPTCs tend to be found in younger patients in whom response to treatment is good, which can help to explain this finding. On the other hand, Al Qahtani et al. reported that patients with DSVPTC had a higher mortality rate than patients with cPTC (6). In the study by Malandrino et al., the authors found no significant difference in cancer-related death between DSVPTC and cPTC (OR: 1.34; 95% CI: 0.76-2.38) (39). However, time-to-event outcomes are most appropriately analyzed using HR in systematic reviews and meta-analyses (15) . In our current study, pooled HR for OS demonstrated that DSVPTC patients are associated with a compromised OS (HR: 1.89; 95% CI: 1.36-2.62). This significant result, however, needs to be further confirmed in new studies as the number of included studies is quite small.
In our study, considerable amounts of heterogeneity were found among the several outcomes. This may stem from differences between the studies in how the authors defined DSVPTC and cPTC. The diagnostic criteria of cPTC are not provided in several studies (Table 1) . CPTC is the most common histologic variant of PTC, and the histologic criteria for diagnosis of this variant are usually straightforward for thyroid pathologists and sometimes, therefore, were not mentioned in some studies. On the other hand, the diagnostic criteria for diagnosis of DSVPTC are well described in most of the included studies and resemble the criteria described by the WHO classification of malignant tumors (2), except for three studies which give no description (Table 1) . Our study, however, is subject to another limitation in that some studies did not describe how they measured some of the clinicopathological characteristics, which could raise the heterogeneity among studies.
Because of the rarity of this variant, only a few studies compared the prevalence of BRAF mutations between DSVPTCs and cPTCs. In the study by Lim et al., the prevalence of BRAF mutations in DSVPTCs was significantly lower than that in cPTCs (25) . On the other hand, RET/PTC rearrangements were reported to be the major events in DSVPTCs (32, 33) . Joung et al. found that RET/PTC3 in DSVPTCs were associated with advanced stage and higher frequency of persistent disease (32) . A few studies also found the association of RET/PTC3 in PTCs and advanced disease stage (48, 49) . This relationship, however, remains controversial in the literature. The high prevalence of RET/PTC3 in DSVPTCs can help to explain why DSVPTCs usually occur in young patients. Unlike RET/PTC rearrangements, BRAF mutations have been shown to associate with aggressive clinical manifestations and poor outcomes in a number of studies and a thorough meta-analysis (50) . However, BRAF mutations were not major events in DSVPTCs. This suggests that the biological aggressiveness of DSVPTCs might be related to a different molecular pathway.
In conclusion, our meta-analysis study demonstrated that DSVPTC is a rare variant of PTC with distinct clinicopathological and molecular characteristics and is commonly seen in young patients. This variant should be considered an aggressive variant of PTC, and appropriate treatments should be considered for these patients because of higher incidence of tumor invasion, metastasis, recurrence and mortality.
